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Diabrotlca longicornia (Say), or the northern corn rootworm was 
considered a serious pest of corn during the late 1800's (Forbes, 1883), 
but was reported to be successfully controlled by crop rotations. 
The demand for corn and corn products in later years provided corn 
producers with a valuable cash crop. As a result, crop rotation 
diminished in areas where climatic and soil conditions favored profitable 
corn production, and was replaced by a continuous corn cropping system. 
More recently the imposition of corn acreage controls, in an attempt to 
reduce a corn surplus problem, has resulted in corn producers selecting 
the most productive acres for continuous corn production. 
Since corn is reported to be the only host of this rootworm species 
the aforementioned cropping procedures have provided an ideal ecological 
habitat for multiplication of this insect. 
The discovery and utilization of certain chlorinated hydrocarbon 
insecticides provided adequate control of the northern corn rootworm in 
continuous corn cropping areas until recent years. Recent control 
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failures have indicated that the northern corn rootworm has developed 
resistance to the recommended chlorinated hydrocarbon insecticides. 
If D. longicornis damage, as one of the limiting factors in efficient 
corn production, is to be alleviated, new or modified control measures 
must be initiated. The feasability of a new and improved control program 
would be enhanced if more was known about the basic biology of the insect 
concerned. 
A technique that would enable a continuous rearing program under 
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laboratory conditions would be advantageous from the standpoint of present 
seasonable studies. Availability of various stages of the rootworm would 
aid in finding solutions to problems that are of importance at the present 
time. However, before any of the previous mentioned goals can be attained 
a method must be provided that can be utilized in breaking diapause of the 
overwintering egg stage. 
The present study was undertaken in an attempt to provide a practical 
solution to the diapause problem. The objectives of the various experi­
ments were to ascertain if various physio-chemical treatments of D. 
longicornis eggs would break diapause under laboratory conditions. 
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REVIEW OF LITERATURE 
The literature on diapause in insects has increased to proportions 
forcing exclusion of a complete summary here. Reviews by She1ford (1929), 
Chapman (1931), Prebble (1944), Uvarov (1931), Cousins (1932), Richards 
(1937), Bodeheimer (1938), Andrewartha (1952), Lees (1956), Wigglesworth 
(1939), and Harvey (1962) summarize the more important conclusions of 
physiological, ecological and phenological aspects of diapause. The 
present review is necessarily restricted to physio-chemical factors 
utilized to break diapause in insect eggs. 
Wheeler (1893) originated the term "diapause" after studying move­
ments of embryos in eggs of Xiphidium ensiferum Scudder. The term 
"anatrepsis" was designated for the tail first movement of the embryo from 
a position of rest on the ventral surface of the egg through an arc until 
its body was completely inverted. The period of time that the embryo 
remained in this position was designated "diapause". Katatrepsis was 
used to describe the descending head first movement of the embryo to its 
original position on the ventral yolk. The term blastokinesis was used to 
include all the oscillatory movements of the embryo. Diapause, according 
to Henneguy (1904), is a stage of development, and applied to the physio­
logical state of rest or dormancy which occurs in many insects. Shelford 
(1929) suggested that the terms dormancy and diapause are synonomous, and 
should be restricted to cases in which activity or development is arrested 
spontaneously and does not respond immediately to any ordinary ameliora­
tion of the external environment. Siomonds (1948) considered diapause as 
a state: 
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. . .  i n  w h i c h  a  r e d u c t i o n  o f  g r o w t h  p r o c e s s e s  o r  m a t u r a t i o n  
occurs which is not necessarily caused by unsuitable conditions, 
and is not easily or quickly altered by change to a more 
favorable environment. However, once the state of diapause 
comes to an end, normal growth and development are resumed. 
Andrewartha (1952) considers diapause as a stage in physiogenesis which 
oust be completed as a prerequisite for the resumption of morphogenesis. 
To date no definition has been ascribed to fit all cases of delayed 
development which occur between quiescence and intense diapause. 
Many insects, especially those that pass the winter in the egg stage, 
undergo a spontaneous arrest of development which supervenes irrespective 
of the environmental conditions. Therefore, for the purpose of this 
study, diapause will be thought of as "a condition of suspended animation" 
as set forth by Torre-Bueno (1950). 
According to the following authors, Andrewartha (1952), Uvarov 
(1931), Wigglesworth (1939), diapause may be either facultative or obli­
gatory and may occur in any stage of the life cycle of an insect. It may 
occur during various phases of the egg, nymph, larva, and pupa stages. 
Imaginai diapauses are not uncommon. Facultative diapause arises in 
response to variations in the environment. Generally facultative diapause 
results in multi-voltine life cycles such that one or more generations in 
which few individuals enter diapause alternate with a generation in which 
all or nearly all enter diapause. Obligate diapause, which is often 
universal for a species, results in a life cycle which is strictly uni-
voltine with every individual in every generation experiencing diapause, 
regardless of variations in the environment. To the best of our knowledge 
the latter form of diapause is exemplified by the egg stage in D. 
longicornis (Forbes, 1915, Tate and Bare, 1946). 
5 
A paucity of information exists regarding methods utilized to break 
diapause in insect eggs compared to studies on causation and elimination 
of diapause in larvae and pupae of various insects. 
Wigglesworth (1939) states that the diapause period in insect species 
may be shortened somewhat by contact with water, or by shock such as 
results from pricking and singeing, electrical or chemical stimulation, 
parasitization or exposure to low temperatures. 
The effect of high and low temperatures, static electricity, acids, 
mechanical action and atmospheric pressure on eggs of Bombyx mori 
Linnaeus is reviewed by Henneguy (1904). 
The association of low temperature and moisture has received more 
attention than other physio-chemical action in breaking diapause in eggs 
of various insects. Carothers (1923) reported that Encoptolophus sordidus 
(Burmeister) ordinarily passed the winter in the egg stage, but if the 
eggs were kept at 22 - 25° C. development continued without a pause and 
hatched in six weeks. According to Bodine (1941) freshly laid Melanoplus 
differentialis (Thomas) eggs kept at 25° C. developed normally for three 
weeks and then entered diapause. However, after the eggs were exposed to 
temperatures of 0 - 5° C. for appropriate periods and then placed at 25° C. 
development proceeded and hatching occurred. Slifer (1931, 1932) reported 
that in rare cases diapause did not occur in eggs of M. differentialis if 
kept at 25° C. 
Burkholder (1934) observed when high temperatures were used to break 
diapause in M. differentialis eggs, death of the emerging nymphs often 
resulted. Birch (1942) reported low temperatures of winter and autumn 
were required before diapausing eggs of the small plague grasshopper, 
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Austroicete8 cruelata Saussure, hatched. 
According to Flemlon and Hartzell (1936) egg masses of eastern tent 
caterpillar, Malacosoma americana (Fabricius) hatched at room temperatures 
after a pretreatment of eight to 12 weeks at 1°, 5° and 10° C. They 
observed that the time required for hatching decreased as the period at 
low temperature increased and eggs held at room temperature failed to 
hatch. Hodson and Weinman (1945) reported that diapause in eggs of 
Malacosoma disstria Hubner was broken after exposure to temperatures near 
0° C. They obtained a significant increase in hatch after the eggs were 
exposed to a temperature of 2° C. for three months, then incubated at 
15° C. in a saturated atmosphere. Eggs soaked in water for two days at 
30° C. failed to hatch, but eggs soaked in water 24 hours at 5° C. per­
mitted some hatch. In a similar study Flemlon and Hartzell (1936) obtained 
a greater percent hatch of the fall cankerworm, Alsophila pometaria (Harris) 
after the eggs had been exposed three to eight weeks at 1°, 5°, 10° and 
15° C. prior to incubation at 22° C. However, some of the eggs hatched at 
22° C. without prior temperature variations. Horsfall and Fowler (1961) 
observed that hatching was enhanced in eggs of Aedes stimulans (Walker) 
after being exposed to mean monthly temperatures of 24° C. up to 120 days 
prior to a cold treatment of 4° C. Eggs exposed to 4° C. up to 90 days 
after exposure to 24° C. proved to be the most successful treatment. 
Gjullin et al. (1939) reported tap water infusions of dry cottonwood 
leaves, willow leaves and grass stimulated hatching of Aedes vexans Meigen 
and Aedes aldrichl Dyar. Beckel (1958) observed available water alone did 
not break diapause in eggs of Aedes hexodontus Dyar. Temperatures of 1° 
and -3° C. were found to terminate diapause, but the number of eggs that 
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hatched did not increase with an increase in the time of exposure to cold. 
Eggs treated in an infusion of adult mosquito bodies in distilled water 
were found to give more hatching than distilled water alone after being 
exposed to cold temperatures. Bodine and Robie (1940) found drying and 
wetting, centrifugation, exposure to nitrogen and temperatures of 10° and 
36° C. were the most effective treatments to break diapause in older eggs 
of M. differentialis. Eggs treated with hypertonic solutions of sodium 
chloride resulted in smaller numbers of eggs breaking diapause than in 
control groups. Dehydration and rehydration of M. differentialis eggs 
was thought to break diapause according to Schipper (1938). 
Slifer (1946) treated eggs of M. differentialis that were in diapause 
with chloroform, ethyl alcohol, carbon tetrachloride, ether, toluene, 
benzine and xylol after incubation periods of 45 and 60 days at a 
temperature of 25° C. Of the chemicals used, xylol was the most efficient 
in breaking diap .use of the eggs. Gjullin jet aJ. (1939) found the 
following amine acids stimulated hatching of A. vexans and A. aldrichi, 
asparagine, glycocoll, alanine, cystine, leucine and aspartic acid. 
Asparagine and glycocoll were the most effective and upon addition of 
calcium or sodium phosphate to each of these materials an increase in 
hatching was detected. Kliewer (1961) reported success with ascorbic 
acid as a hatching stimulus working with eggs of Aedes aegypti Linnaeus. 
Thomas (1944) reported that pure cultures of heterotrophic fungi stimulated 
hatching of dormant eggs of A. aegypti. The fungi found to be successful 
were: Escherichia coli; Sarcina lutea, Pseudomonas aeruginosa, Serratia 
marcescens, Sacchromyces cervisiae, Aspergillus niger. Pénicillium sp., 
Rhyzopus nigricans, Fusarium moniliforme and Glomerella grossypii. 
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The earliest recorded attempt to study hatching of D. longicornis 
(Say) eggs under laboratory conditions was that of Forbes (1915). His 
technique consisted of periodic inspections of com growing in soil 
containing eggs of the northern corn rootworm. The soil that contained 
the eggs had been exposed through the winter to natural outdoor 
temperatures prior to being seeded with com. A period of four months 
elapsed from the planting of com to the first discovery of larvae feeding 
upon the corn roots. 
Spackman (1954) was successful in breaking diapause in eggs of 
Diabrotica vergifera LeConte, or western com rootworm, under laboratory 
conditions. The eggs were treated for 14 days at 55° F., 14 days at 
45° F. and moistened with 0.25% formaldehyde solution at 75° F. for 
39 days. Another group of eggs exposed to 36° F. for 12 days in addition 
to the aforementioned treatment resulted in breaking diapause. Various 
treatments were used in attempts to break diapause of D. longicornis (Say) 
eggs with no success. 
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MATERIALS AND METHODS 
Equipment and Other Materials 
Adult northern corn rootworm beetles were collected from corn silks, 
ladysthumb, Polygonum persicaria (Linnaeus), Pennsylvania smartweed, 
Polygonum pennsylvanlcum (Linnaeus), late blooming alfalfa and thistles 
of the genus Cirsium and other indigenous species from late July through 
late September for the purpose of obtaining eggs for hatching studies. 
A heavy duty muslin beating net was used to collect adult beetles 
from ladysthumb, smartweed and alfalfa. One quart capacity paper ice­
cream cartons were used to transport the insects to the laboratory. 
Adult beetle collections from corn ear tips and various thistle 
blossoms were made with a 16 ounce polyethylene bottle (Fig. 1) which had 
the stem of a four inch polyethylene funnel inserted through the bottle 
cap. Several vigorous taps of the corn ear tip or thistle flower over 
the funnel rim were required if all the beetles were to be dislodged from 
their feeding sites. After the desired number of beetles were collected, 
the funnel was removed from the bottle and a number two cork was inserted 
in the hole of the bottle cap. The beetles were held in the plastic 
bottles until transferred to egg laying chambers in the laboratory. 
The transfer of adult beetles to egg laying chambers was usually 
completed four to six hours after the field collection period. 
After a cooling period at 40° F. for five minutes or longer, the 
beetles were transferred to egg laying chambers. Cooling periods were 
repeated if the collection containers held large numbers of adult beetles. 
A 1% dram (50 mm. long x 16 mm. diameter) shell vial partially 
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Fig. 1. Polyethylene bottle and funnel used to collect adult 
D. longicornis from corn silks and flowers of thistle plants 
Fig. 2. Two telescoping vials, containing corn silk and moisture pad 
used as egg laying chambers during periods of rootworm egg 
collection 
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inserted into a three dram (65 mm. long x 19 mm. diameter) shell vial 
was used as an egg laying chamber in this study (Fig. 2). 
Each egg laying chamber was provided with a small amount of fresh 
corn silk and two pieces of blotter paper (1 inch x \ inch) that were 
stapled together. The blotter paper was thoroughly moistened with 
distilled water to provide a source of moisture and egg deposition site 
for the rootworm beetles. All parts of the egg chamber except the corn 
silk were autoelaved before being used. 
Each egg laying chamber contained four beetles and were stored in a 
rack in the laboratory during the egg collection period. The beetles were 
not sorted by sex. Temperature was maintained at 78* 2° F. with ambient 
humidity. 
Egg collections were made every four days until the beetles perished 
or egg production ceased. At each egg collection the. adult beetles were 
transferred to sterilized egg laying chambers. 
For egg collection purposes the following procedure was employed: 
1. After the adult beetles had been transferred to new egg laying 
chambers, the corn silk that was not eaten and blotter pads were removed 
from the vials. 
2. Rootworm eggs that adhered to the inner surface of the vials were 
dislodged by a stream of distilled water forced from a polyethylene squeeze 
bottle. 
3. Each vial was vigorously shaken and the contents were poured 
through an organdy cloth filter fastened over a 500 ml. glass beaker. 
4. The organdy filter was then placed on moist paper toweling under a 
Universal Model Dazor Magnifier. A number two camel's-hair brush was used 
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to remove eggs from the organdy filter and dismantled blotter pads. 
Three different types of egg containers were employed in the initial 
experiments. The first type consisted of one ounce round, paper inserted, 
seamless salve tins with a \ inch layer of hardened plaster of Paris as 
the substrate. The surface of the plaster of Paris was painted with 
India ink which provided a contrasting background to the cream-white 
rootworm eggs. A 1-7/8 inch diameter, circular cut seed germination pad 
placed on top of a % inch layer of fine sifted peat soil in one ounce, 
round paper inserted, seamless salve tins constituted the second type egg 
container. 
The third type, employed in out of door experiments, were three ounce, 
transparent lid, round tin boxes. The tins were perforated on all sides 
which permitted rootworm eggs placed on a seed germination pad to be 
exposed to natural soil temperature and moisture conditions. 
Rootworm eggs were placed in contact with the plaster of Paris of 
the first described container and on the smooth seed germination pads of 
the latter two types. 
In experiments that required moisture as a treatment factor, distilled 
water was added to the plaster of Paris or peat soil along the inside 
perimeter of the salve tins instead of directly upon the rootworm eggs. 
Rootworm eggs placed only upon seed germination pads were moistened by the 





A quasi-factorial experiment was initiated on September 30, 1961, to 
determine if combinations of time, moisture and temperature would cause 
eggs of D. longicorais to hatch. Thirty two treatments of 125 rootworm 
eggs per treatment were studied as shown in Table 1. 
Each treatment consisted of five, one-ounce, round, seamless tins 
with a plaster of Paris substrate with 25 eggs per tin. Distilled water 
was used to moisten the plaster of Paris in treatments that required 
moisture. Fahrenheit temperatures of 40°, 29°, and 0° were the levels of 
temperature variation. The maximum and minimum amount of time that any 
one treatment was exposed to varied temperature and moisture conditions 
was 150 to 58 days. As the cold treatments terminated, the incubation 
chambers were brought into the laboratory for further observation. 
A microscope was used for periodic inspections of the rootworm eggs 
after they were brought into the laboratory. The temperature of the 
laboratory was maintained at 78+ 2° F. and humidity was not controlled. 
Experiment 2 
This experiment involved different substrates upon which the eggs were 
placed and moisture versus no moisture before the rootworm eggs were 
placed in soil planted to com. 
Fifty rootworm eggs were placed in each of four, one ounce salve tins, 
that contained a \ inch layer of plaster of Paris. The surface of the 
plaster of Paris was painted with India ink for reasons previously 
mentioned. Two of the tins were moistened at weekly intervals with 
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distilled water, whereas the remaining tins received no moisture until 
they were placed in soil planted to, corn. The salve tins were stored in 
a refrigerator maintained at a temperature of 40° F. until the eggs were 
placed in the soil below two kernels of corn. 
A second set of four salve tins, each of which contained 50 rootworm 
eggs, were handled in a similar manner but contained a different sub­
strate. The eggs were first put on seed germination pads, which in turn 
were placed on a % inch layer of fine screened, autoclaved peat soil 
placed in the bottom of the salve tins. Smooth seed germination pads 
alone constituted the third type of substrate. The number and treatment 
of eggs was the same as described in the first treatment. 
The data for the 40° F. treatment, dates when eggs were placed in 
soil planted to com and inspection dates for rootworm larvae are 
summarized in Table 2. 
On November 22, 1961 the eggs from each salve tin were brushed into 
the center area of separate 10 inch clay pots partially filled with soil. 
The eggs were then covered with approximately one inch of soil and two 
kernels of Wf9 x M14 com were planted above the eggs. 
The corn was later thinned to one plant per pot and a liquid 
fertilizer treatment every 12 days, along with normal water was followed 
until the plants and soil were examined for rootworm larvae. 
The following procedure was employed to examine the soil and corn 
roots for the presence of rootworm larvae. The com plant was cut off 
above the soil line and the contents of the pot was emptied on a canvas 
tarpaulin. The soil was carefully removed from the corn root system, 
which was examined briefly for rootworm feeding damage before being placed 
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in a pail of clean water. Another canvas tarpaulin v&a placed under a 
19 x 20 x 4 inch sifting box, the bottom of which was % inch mesh hard­
ware cloth. The soil was sifted onto the tarpaulin and carefully examined 
for rootworm larvae. The root system was thoroughly washed in the pail 
of water prior to the dissection of the roots for rootworm damage. After 
each root system had been washed in the pail, the water was examined for 
any rootworm larvae which might have floated to the surface. 
Experiment 3 
This experiment was initiated to determine if rootworm eggs would 
hatch in soil planted to com after various time exposures to natural soil 
conditions preceded by a pretreatment in the laboratory. 
Eight hundred rootworm eggs, in groups of 50, were placed on bleached 
blotter paper in petri dishes. Half of the eggs were kept moist by 
periodic addition of distilled water to the blotter paper and half were 
kept dry. The eggs were designated as "wet" or "dry" and stored in a 
refrigerator at a temperature of 40° F. for two weeks before they were 
buried in soil at depths of two, four, six and eight inches. 
Perforated three ounce transparent lid, salve tins were used to hold 
the blotter pads, with their group of 50 eggs, during the time the eggs 
were buried in the Insectary garden. Two hundred eggs (four salve tins) 
were buried at two, four, six and eight inch soil depths. 
After the eggs had been removed from the soil, they were placed in 
soil planted to com in the manner previously described under Experiment 2. 
Inspection of com roots and soil was also as already described in 
Experiment 2. 
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Continuous soil temperatures were recorded at two and four Inch soil 
levels by means of two soil thermographs. 
Table 3 shows duration of eggs at various soil depths, dates when the 
eggs were placed in soil planted to corn and larval inspection dates. 
Experiment 4 
Soil samples collected from a severely lodged field of corn in Adair 
County, Iowa were used to study what effect different storage temperatures 
had upon hatchability of northern com rootworm eggs that were laid in the 
soil. Also, since the soil samples were taken at three different sites in 
the field, the possibility of preferred oviposition sites by the females 
was explored. 
Eighteen 7x7x7 inch soil samples were dug with a garden spade and 
placed into plastic bags for storage purposes. Eight samples consisted of 
soil that contained the major root portion of com plants, six samples 
contained the root system of smartweed plants and three samples were from 
between the com rows in areas that were free of vegetative growth. 
For temperature treatments, the samples were divided into three 
groups of five samples; two samples of com roots, two samples of smartweed 
root systems and one sample of soil between the rows of com plants. One 
group of five samples was stored out of doors, another group in a walk-in 
cooler maintained at a temperature of 40° F. and the last group in a root 
cellar with an average temperature of 33° F. 
Table 4 provides information regarding the time samples were stored at 
the three temperature levels, the date at which each sample was planted to 
com and inspection dates. 
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Soil and com root inspection procedures as outlined in Experiment 2 
were employed in this experiment. 
Two samples of soil from around com roots were held at a temperature 
of 40° F. for one year before being planted to com. Cheese cloth covers 
placed around the exposed portion of the soil retained any adults of the 
northern com rootworm that emerged. 
One sample of smartweed soil was mined in transit to the laboratory. 
Experiment 5 
Experiment 5 was designed to determine if eggs of the northern com 
rootworm would hatch if completely removed from soil around the root 
systems of living com plants. 
Two hundred northern com rootworm eggs collected on September 16, 
1961 were placed in groups of 100 on seed germination pads in one ounce, 
round salve tins that contained \ inch of sifted autoclaved peat soil. 
The two salve tins containing the eggs were stored at 40° F. for 120 days 
and distilled water added periodically to maintain a constant supply of 
moisture to the eggs. After the storage period the salve tins were 
brought into the laboratory where a temperature of 78+ 2° F. was main­
tained. 
The eggs were examined under a microscope at two day intervals. 
1962 Experiments 
Northern corn rootworm adult collection and egg collection techniques 
were similar to those employed in 1961. 
Hinged lid plastic boxes, 1% x 1% x 7/8 inches (Fig. 3) and round 
plastic boxes, 1-5/8 x 1-5/8 inches (Fig. 4), were used as egg containers 
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Fig. 3. Plastic boxes, with indented seed germination pads placed on 
top of a peat soil substrate employed as egg containers in 
hatching experiments 
Fig. 4. Round plastic boxes, with indented seed germination pads placed 
on top of a peat soil substrate, employed as egg containers 
in hatching experiments 
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for the bulk of the experiments performed^ . Code numbers of the various 
treatments were written on 5/8 x 1-% inch self-adhesive labels and placed 
on the lids of the respective plastic egg containers. 
One-half ounce, paper labeled ointment tins with a % inch thick 
hardened layer of plaster of Paris were also used as egg containers. 
Fine sifted peat soil, that had been autoclaved, or plaster of Paris 
was used as substrate media in all egg containers. 
Smooth seed germination pads upon which the rootworm eggs were placed 
in previous experiments were replaced with indented seed germination pads. 
All indented pads were autoclaved before being used in any experiment. 
A minimum of two egg containers, with 25 rootworm eggs per container, 
were used for each treatment within any one experiment performed in this 
phase of study. 
For the purpose of this study the term "treatment" implies the time 
and nature of conditions under which the eggs were exposed prior to 
periodic inspections in the laboratory. 
The term "moisture" designates the addition of distilled water, with 
a plastic squeeze bottle, at periodic intervals which kept the indented 
germination pads moist during the experiments. 
Various chemicals, temperatures and treatment periods or combinations 
thereof were employed to establish if any one or combination of these 
factors were critical for hatch of D. longicornis eggs. 
O^btained from Althor Products of Brooklyn, New York. 
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The following temperatures were employed singly or in combination in 
the experiments performed. Laboratory temperature was maintained at 
78^  2° F., a walk-in cooler was used for the 40° F., an ice cube freezing 
compartment was used for 29° F. and a chest type freezer was used for 
0° F. A double wall drying oven was used to maintain temperatures of 
85° and 80° F. Outside temperature was the average temperature recorded 
by soil thermographs of soil near buried egg containers. 
A microscope was used to inspect the eggs in determining if larvae 
had emerged or were developing within the eggs. 
Fungicide experiment 
A series of experiments were conducted in the spring and summer of 
1962 to find a chemical to control fungi introduced into egg containers 
by contaminated D. longicornis eggs. 
Since no eggs of D. longicornis were available during early summer, 
eggs of Diabrotica undecimpunctata howardi Barber were used. The chemical 
that proved to be successful in controlling fungi and least toxic would 
then be applied to the eggs of D. longicornis in subsequent hatching 
studies. 
Two methods were utilized in treating eggs of the southern corn root-
worm with various chemical solutions. The first method was the complete 
immersion of eggs in chemical solutions for three minutes. In the second 
method a tuberculin syringe was used to apply a drop of the chemical 
solution directly upon individual eggs. 
The following stock chemicals were tested: "Tegosept-M," a methyl 
ester of p-hydroxybenzoic acid, sulfonanilide, copper chloride, copper 
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acetate, copper sulfate, Arasan, Ceresan M, mecuric chloride, formalde­
hyde, sodium hypochlorite and Roccal. 
Ratios of 1:10, 1:100, 1:500, 1:1000 and 1:10,000 parts chemical to 
parts distilled water were tested on groups of 50 eggs per chemical dilu­
tion. Checks of untreated eggs were run with each chemical tested. 
Experiment J. 
The first experiment was divided into two parts on the basis of no 
fungus treatment versus a fungus control treatment upon rootworm eggs 
(Table 5). 
The first part of Experiment 1 consisted of combinations of moisture 
by no fungus treatment by four temperature levels by four pretreatment 
periods to determine if any one combination would cause the rootworm eggs 
to hatch. The latter part of the experiment was similar in all respects 
except that a 1:100 mercuric chloride solution was used as a fungus 
control treatment. 
Hinged lid, plastic boxes that contained a layer of peat soil were 
used as the egg containers. After the rootworm eggs had been immersed in 
a 1:100 mercuric solution for one minute, distilled water was employed as 
a moistening agent. 
This experiment was repeated utilizing h ounce ointment tins which 
contained a substrate of plaster of Paris plus an indented germination pad 
in place of peat soil (Table 5). 
The eggs were examined weekly during the treatment periods and every 
second day in the laboratory. 
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Experiment 2 
Eggs of D. longicornis were exposed to a constant treatment tempera­
ture of 40° F. under moist or dry conditions and at time periods of eight, 
11, 15 or 20 weeks. Fifty eggs were used in each treatment. 
Plastic boxes with peat soil substrates were used as the egg con­
tainers in all treatments employed. 
The number and kind of treatments employed in this experiment are 
given in Table 6. 
The eggs were brought into the laboratory as the treatments termin­
ated and observed in the manner described in Experiment 1. 
Experiment 3 
A replication of an experiment performed in 1961 was repeated with a 
larger quantity of eggs to determine the percent hatch and efficiency in 
the procurement of large quantities of newly emerged rootworm larvae. 
Hinged lid plastic boxes and indented seed germination pads were 
substituted in this experiment for one ounce salve tins and smooth 
germination pads respectively. The substrate of autoclaved peat soil was 
used in both experiments. 
Eight hundred eggs, collected at two different times, were utilized 
in this experiment. The egg containers, each with 25 eggs, were stored at 
40° F. and kept moist for 120 days. The eggs were brought into the 
laboratory and observed every two days. 
Experiment 4 
In this experiment various chemicals were applied directly upon the 
rootworm eggs after treatment periods of different durations and 
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temperature levels. 
A one milliliter Leur tuberculin syringe with a 25 gauge needle was 
used to apply one drop of the test chemical upon each rootworm egg within 
a particular treatment. 
The chemicals that were used in this experiment, treatment times 
and temperature levels are shown in Table 7. 
Plastic containers, peat soil substrate and egg inspection pro­
cedures were the same as employed in Experiment 3. Moisture was supplied 
in the egg containers up to and after the application of chemicals to 
the eggs. 
Experiment _5 
This experiment was devised to investigate if a higher hatching 
percentage and a shorter dormancy period would be reflected in the egg 
by keeping adult beetles exposed to different photoperiods. 
Egg laying chambers, each with four field-collected adult beetles, 
were divided into three groups and held at 8, 12 and 16 hour photoperiods. 
Each group of egg laying chambers were placed in individual cardboard 
containers with a light tight cover. The cardboard containers were held 
in a constant temperature cabinet that contained a 75 watt light bulb and 
an electric fan for air circulation purposes. After each group of adult 
beetles had been exposed to their respective photoperiod, the containers 
were covered until the next photoperiod treatment. 
The temperature was maintained at 80° F. in the temperature cabinet 
during the egg collecting period. Humidity was not controlled. 
Hinged lid, plastic boxes with peat soil substrates and indented 
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germination pads were used as egg containers in the initial experiment. 
In a replicate experiment the egg containers were % ounce ointment tins 
with plaster of Paris substrates and indented seed germination pads. The 
duration of the treatments, photoperiods and egg numbers are shown in 
Table 8. 
Moisture application and egg inspection procedures previously des­
cribed under Experiment 3 were used in this experiment. 
Experiment 6 
This experiment was devised to determine if eggs of D. longicornis 
would hatch if exposed to constant warm and/or cold, or alternation of 
warm and cold temperatures at different treatment periods. 
A fungus control treatment of 1:100 mercuric chloride solution 
topically applied to the eggs at the beginning of the treatment period was 
employed in two treatments. 
The levels of temperature, fungus control treatments and treatment 
times are given in Table 9. 




Tables 1 through 10, included in the Appendix, present the data in 
tabular form. 
1961 Egg Hatching Experiments 
In Experiment 1 northern corn rootworm eggs were placed in salve tins 
directly upon a layer of plaster of Paris which was painted with India ink. 
Each treatment consisted of five salve tins, each of which contained 25 
rootworm eggs, bringing the total number of eggs per treatment to 125. 
The eggs were exposed to variables of three temperatures, moisture 
versus no moisture and time periods of 30 or seven days in a quasi-
factorial experiment. No rootworm larvae were obtained from a total of 
4000 rootworm eggs utilized in this experiment. 
Eleven rootworm larvae were found in 11 pots of corn inspected in 
Experiment 2. Table 2 summarizes the egg treatments and number of larvae 
obtained from each treatment. The importance of moisture availability to 
the eggs prior to being placed in soil planted to corn and the water holding 
capacity of a peat soil substrate as compared to substrates of plaster of 
Paris and bleached blotter paper is indicated by the results of this experi­
ment. Seven larvae were obtained from two, 50-egg lots, treatments with 
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moisture and 40 F. temperature constants and a peat soil substrate as 
compared to three larvae from two, 50-egg lot treatments with similar 
constants but with a plaster of Paris substrate and only one larva from 
the remaining treatments that were not moistened periodically during the 
period. 
Since only one temperature (40° F.) was employed in egg treatments it 
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was not possible to ascertain its importance to the total hatch obtained 
in this experiment. 
Experiment 3 involved egg treatments with a short pretreatment 
period of a 40° F. temperature constant and constants of moisture or no 
moisture before the eggs were buried at four soil depths in the Insectary 
garden. 
The number of larvae, from each treatment of 50 eggs, found during the 
inspection periods is presented in Table 3. Twenty four larvae of a 
total of 27 were found in two contrasting treatments. Nine larvae were 
obtained from 50 eggs with pretreatment constants of 40° F. and constant 
moisture and buried at a soil depth of eight inches for 135 days prior to 
being placed in soil planted to corn on March 1 and inspected on March 31. 
Fifteen larvae were obtained from 50 eggs with a pretreatment of 40° F. 
temperature constant and no moisture that were buried at a soil depth of 
six inches for 57 days prior to being placed in soil planted to com on 
December 1 and inspected December 31. No larvae were found from eggs 
buried at the four inch soil depth from either moisture constants. 
The effect of available moisture to rootworm eggs does not show an 
appreciable difference in the total hatch in this experiment in contrast 
to Experiment 1. 
The soil temperature at the two inch soil level averaged 33.5° F. 
with a high of 42° F. to a low of 24° F. The temperature of the soil four 
inches below the surface varied from a high of 43° F. to a low of 27° F. 
and an average of 33.8° F. 
In Experiment 4 soil samples from a field of lodged com were brought 
into the laboratory and stored at various temperature exposures. Upon 
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removal from the temperature treatments, the soil was placed in pots and 
planted to corn. At predetermined times the soil and root systems were 
inspected for the presence of rootworm larvae. The larval numbers from 
each sample is shown in Table 4. 
A total of 280 larvae at various stages of development, were found in 
soil samples taken from around and including the com root system. Of 
this total, 197 larvae were found in two soil samples held at 40° F. for 
80 days before planting to com and inspected 70 days after the date of 
planting. Soil samples stored out of doors provided a total of 77 larvae. 
Soil samples held at 33° F. yielded only six larvae at the time of plant 
inspections. 
Thirty eight larvae were found in soil that included the root system 
of smartweed plants. There were 18, 17 and three larvae found from soil 
samples held at 33° F., 40° F. and outside temperatures respectively. 
Only three samples of soil collected from areas free of vegetative 
growth, with one sample stored at each temperature, were tested. One 
rootworm larva was found in the sample held at 33° F. 
A 13 percent hatch was obtained from 200 rootworm eggs under treat­
ment in Experiment 5. The treatment consisted of moisture and 40° F. 
temperature constants and a peat soil substrate in one ounce salve tins 
before the eggs were placed in the laboratory for further observation. 
The duration of hatch and larvae obtained per day is shown in Table 10. 
1962 Egg Hatching Experiments 
Table 5 shews the number of larvae obtained from the individual 
treatments in Experiment 1. The daily hatch of treatments with five 
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percent or greater total hatch are given in Table 10. Forty six rootworm 
larvae emerged from eggs that were held in plastic boxes with a substrate 
of peat soil as compared to only 10 larvae from plaster of Paris substrates. 
Sixteen larvae was the highest hatch obtained from a single treatment of 
50 eggs. It was held for eight weeks at a temperature of 40° F., con­
tinuous moisture and no 1:100 mercuric chloride treatment. Similar treat­
ments but with 11 and 15 week durations at 40° F. produced larval totals 
of 12 and seven respectively. Four larvae were obtained from a treatment 
total of 50 eggs held continuously in the laboratory and treated with the 
mercuric chloride solution. When tin egg containers with a substrate of 
plaster of Paris were utilized, nine eggs hatched from a treatment that 
consisted of no mercuric chloride treatment, constant moisture and a 
temperature of 40° F. for 15 weeks before the eggs were placed in the 
laboratory for further observation. 
Experiment 2 was designed to determine if constant moisture and a 
temperature of 40° F. at four exposures would result in a greater per­
centage hatch than egg treatments with no moisture but with similar 
temperature and exposure periods. The number of larvae obtained from 
individual treatments of 50 eggs is presented in Table 6. The daily 
hatch of treatments with five percent or greater total hatch are given in 
Table 10. 
The experiment consisted of a replication of the moisture treatments 
and only one group of four treatments that did not receive moisture. A 
total of 33 larvae were obtained from the experiments that received 
constant moisture with the highest hatch, six and 11 larvae, obtained in 
both cases at the 11 week exposure to 40° F. temperature constant in the 
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particular group of sequence periods used. Seven larvae were obtained 
from one group of 50 eggs held for eight weeks at 40° F. 
The four treatments that did not receive constant moisture yielded 
two larvae, both from the eight week exposure at a temperature of 40° F. 
A total of 800 rootworm eggs, collected two days apart, were under 
study in Experiment 3. All eggs had a similar treatment of constant 
moisture and 40° F. temperature for 120 days in plastic boxes with peat 
soil substrates. 
Eighty three larvae were obtained from the total experiment, with 61 
larvae from the 500 egg treatment and 22 larvae from the 300 egg treatment. 
The group of eggs from which 61 larvae were obtained commenced hatching 
15 days after removal from the 40° F. temperature and continued to hatch 
for 27 days, with the highest hatch of 10 larvae recorded on December 17. 
In the second group of 300 rootworm eggs, the first hatch was recorded 
17 days after removal from the 40° F. temperature, a peak hatch of five 
larvae occurred on January 11 and the duration of hatch was 55 days. 
Table 10 presents the daily hatch for each group of eggs. 
The number of rootworm larvae obtained from lots of 50 eggs treated 
with chemicals after storage periods at different temperatures in 
Experiment 4 is presented in Table 7. The daily hatch of treatments with 
five percent or greater total hatch are given in Table 10. Treatments 
with a five percent or greater hatch were ether, peroxidase, indoleacetic 
acid at concentrations of 10 , 10 and 10 , toluene, hexane and xylol. 
The hatch of five percent or greater obtained from the chemical 
treatments were not consistent with regard to the temperatures employed or 
duration of the treatments. Ether and indoleacetic acid 10 treatments 
at 40° F. for 12 weeks provided the highest individual hatches of 14 and 
12 rootworm larvae respectively. Ten larvae were obtained from a 
peroxidase treatment after a two week period at 40° F. Treatments of 
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xylol, toluene and indoleacetic acid 10 at an eight week exposure 
produced eight, seven and eight larvae respectively at the 40° F. 
temperature treatment. Hatches of seven, eight and six larvae were 
obtained from respective treatments of toluene, hexane and ether at a 
continuous laboratory temperature of 78^  2° F. 
The hatch obtained from rootworm eggs treated with toluene, chloro­
form and xylol after an exposure period of two weeks at 85° F. were one, 
one and two larvae respectively. The highest number of larvae obtained 
from a single chemical combining temperatures of two, eight and 12 weeks 
at 40° F. and two weeks at 85° F. was indoleacetic acid 10 ^  with 23 
larvae, followed by 22 larvae from toluene and 21 larvae from ether. 
Experiment 5 included a total of 3,150 rootworm eggs collected from 
adult D. longicornis beetles held at photoperiods of eight, 12 or 16 hours. 
The eggs were held in plastic or salve tin containers that contained either 
a peat soil or plaster of Paris substrate for 60 or 120 days at a tempera­
ture of 40° F. and with constant moisture. Table 8 shows the hatch ob­
tained from each photoperiod treatment. The duration of hatch and numbers 
of larvae obtained per day is presented in Table 10. 
The hatch obtained from groups of 400 eggs collected on August 14 
from each photoperiod of eight, 12 and 16 hours waff- 53, 54 and 26 root-
worm larvae respectively. The earliest recorded hatch was in the eight 
hour photoperiod treatment, 13 days after the removal of the eggs from the 
holding temperature of 40° F., followed by hatches in the 12 and 16 hour 
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photoperiod treatments at 16 and 20 days after the removal date. The 
longest duration of hatch was 47 days recorded in the 12 hour photoperiod. 
treatment. The largest quantity of rootworm larvae obtained at one 
observation was 15 in the eight hour photoperiod treatment. 
One group of 300 rootworm eggs, 100 eggs from each photoperiod, 
collected on September 4, were held for 60 days at a temperature of 40° F. 
before they were removed to the laboratory. Plastic boxes with peat soil 
substrates and constant moisture constituted the remaining treatment 
factors. A total of 19 rootworm larvae were obtained, with totals of 
seven, nine and three larvae from respective photoperiod treatments of 
eight, 12, and 16 hours. Fifteen days after the removal date of the eggs 
from the 40° F. temperature, four rootworm larvae were found in the 12-
hour photoperiod treatment. A total of 16 and 24 days respectively wast 
required before the first rootworm larvae were found in the 16- and 
eight-hour photoperiod treatments. 
Twelve hundred rootworm eggs were collected on September 13 with 
400 eggs from each photoperiod of eight, 12, and 16 hours. The eggs were 
held in plastic boxes with a substrate of peat soil, constants of 
moisture and temperature of 40° F. and a duration of 120 days. The hatch 
realized from the eight-, 12-, and 16-hour photoperiods were 63, 91 and 
47 rootworm larvae respectively. The first hatch was recorded from the 
12- and 16-hour photoperiods 17 days after the eggs were removed from the 
40° F. holding temperature. The eight-hour photoperiod required 18 days 
before the first larva was found. The highest one day total of 17 rootworm 
larvae was recorded in the eight-hour photoperiod treatment. 
One hundred and fifty rootworm eggs from each photoperiod collected 
on September 13 were placed in h ounce salve tins supplied with a plaster 
of Paris substrate and subjected to 40° F. temperature with constant 
moisture for a 120-day treatment period as were the previous rootworm eggs 
under study in this experiment. The rootworm larvae obtained from the 
eight-, 12-, and 16-hour photoperiod treatments, in that order, were 27, 
32 and 30. The first recorded hatch was 22 days after the removal of 
eggs from the 40° F. temperature in the eight-, and 12-hour treatments, 
followed by a 24-day period from the 16-hour treatment. The largest 
single day hatch of 10 rootworm larvae was recorded from the 16-hour photo­
period treatment. 
The effect of fungicide treatments with constant moisture and five 
temperatures at different exposures upon the hatch obtained from eggs of 
D. longicornis was studied in Experiment 6 and summarized in Table 9. 
The daily hatch of treatments with five -ercent or greater total hatch are 
given in Table 10. No 1:100 mercuric chloride treated eggs exceeded a 
five percent hatch. Plastic boxes with peat soil employed as the sub­
strate were used as egg containers for all treatments. 
Only three treatments provided a hatch of five percent or greater 
from the entire experiment. A treatment of 14 days at 80° F. followed by 
a 56-day exposure to a temperature of 40° F. was the most successful 
treatment with a total hatch of aine larvae. Five larvae each were ob­
tained from treatments of 29° F. for 21 days followed by a 56-day tempera­
ture of 40° F. and a treatment of a constant temperature of 78^  2° F. 
No rootworm larva was obtained from treatments when a 1:100 mercuric 
chloride solution was employed as a fungus control measure. One larva 
was obtained from egg treatments which consisted of a 21-day exposure to 
33 
0° F., followed by 14-day treatment of 40° F. 
Five adult D. longicornis emerged from two samples of soil that 
contained corn root systems collected in Adair County, Iowa in 1961 and 
held at 40° F. until planted to com exactly one year later. The first 




One of the major problems that was encountered in this study was the 
growth of various fungi in the containers that were used to hold the 
rootworm eggs during the experimental period. It is obvious from the egg 
collecting technique employed in this study, that various species of fungi 
could be introduced by contaminated adult beetles or corn silks which were 
provided as food for the caged insects. The most abundant species of fungi 
identified from contaminated egg containers belonged to the genera: 
Oedocephalum, Cephlosporium, Alternaria. Fusarium and Aspergillus. 
Studies were conducted with a group of chemicals with fungistatic and 
fungicidal properties with relation to eggs of the southern corn rootworm 
could be categorized into two groups: one group that prevented fungal 
growth and also hatching of eggs, the other group that retarded fungal 
growth, but did not prevent eggs from hatching. The 1:100 solution of 
mercuric chloride would be placed in the latter group. It would be a 
desirable feature if fungal growth could be prevented in the containers 
used to hold the rootworm eggs during treatment periods to eliminate its 
effect, if any, upon egg development and reduce the painstaking effort of 
removing the fungi from around and over the eggs for observation purposes. 
Three types of containers and two types of substrates were employed 
in the majority of the experiments to hold the rootworm eggs through the 
entire experimental period. The round plastic containers with a peat soil 
substrate required about one half the amount of distilled water to keep 
the seed germination pads moist than did the square hinged lid plastic 
containers with a peat soil substrate or % ounce salve tins which contained 
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a plaster of Paris substrate. The round containers were easier to clean, 
but required more space that the other two containers. 
In egg treatments that required distilled water to keep the seed 
germination pads moist, the salve tins rusted severely rendering them 
useless for repeated use in future experiments. 
Ease of handling, compact storage and rapid exposure of enclosed eggs 
during inspection periods was afforded by the square plastic containers. 
The peat soil substrate required less moisture than plaster of Paris 
to maintain the seed germination pads in a uniformly moist condition. 
The peat soil provided another advantage in that it could be easily 
removed from the container to find rootworm larvae that burrowed into it. 
Larvae that burrowed into plaster of Paris were almost impossible to 
recover. 
The results obtained in this study from the various egg hatching 
experiments conducted, indicate that no single, simple statement can be 
made as to the determining factor or factors required by D. longicornis 
eggs to initiate development and eventually hatch. 
A five percent hatch was the initial goal at the onset of this study. 
Since this goal was achieved in several treatments, the discussion will be 
primarily centered around these results. 
Moisture, substrates, temperature, time, chemicals, date of egg 
collection, fungal control and photoperiod were the variables that were 
involved in the various experiments in attempts to obtain a hatching 
response from eggs of the northern com rootworm. 
The omission of moisture, in the form of distilled water, resulted in 
a lower hatch or no hatch as was shown in Experiment 1 performed in 1961 
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and Experiment 2 completed in 1962. The one exception was Experiment 3 
performed in 1961. In experiments where no available moisture was 
employed, the rootworm eggs would remain in a turgid state for approxi­
mately one week before drying into various distorted shapes. The eggs 
would regain their turgid state upon subsequent addition of moisture, but 
no hatch was observed in these trials. 
In Experiment 3, 1961, one group of 50 eggs placed in soil out of 
doors at a depth of six inches, preceded with a two week period without 
moisture produced a total of 15 rootworm larvae at the time of soil and 
com root inspections. The reason or reasons for this particular treat­
ment to respond with a 30 percent hatch may be that the short period 
without moisture was not critical or ambient moisture at the six inch 
level was sufficient for rootworm egg hatch. 
Three types of substrates were employed in this study. Seed germina­
tion pads were used in conjunction with studies associated with rootworm 
eggs that were buried in the soil out of doors and subsequently placed in 
soil planted to com. Attempts to utilize seed germination pads alone in 
indoor experiments were discontinued, mainly due to their inability to 
retain moisture over extended periods. Bleached and unbleached seed pads 
were employed in some experiments. It was noted that when rootworm eggs 
were placed on seed germination pads, with no substrate below the pads, 
absorption of the blue dye was obvious. The effect upon the eggs that did 
absorb some of the blue dye did not seem to totally inhibit development, 
as larvae were obtained from eggs that turned blue due to the uptake of 
dye from unbleached pads that were used in conjunction with a plaster of 
Paris substrate. 
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Plaster of Paris and peat soil constituted the bulk of the substrates 
employed in egg hatching studies. The plaster of Paris substrate required 
more distilled water at closer intervals than did peat soil to maintain 
the seed germination pads in a uniformly moist condition throughout the 
experiment. From the standpoint of fungus growth, the plaster of Paris 
substrate did not provide as desirable a growth media as did the peat soil. 
In treatments that involved egg containers with plaster of Paris substrates, 
larvae that emerged from the eggs would often burrow into the moist plaster 
substrate and could not be collected unless the entire substrate was re­
moved from the container. This proved to be disadvantageous from the 
standpoint of time involved in removing the plaster of Paris and mixing a 
new batch for replacement purposes. 
The peat soil employed as a substrate was advantageous due to its 
water holding capacity, ease of manipulation and dark color, which provided 
a contrasting background to the white colored rootworm larvae. However 
the peat soil did seem to provide a more suitable growth media for fungi 
when introduced into the egg containers. At no time was there any indica­
tion of dye absorption from the germination pads, which indicates that if 
the dye was removed from the germination pads it was absorbed by the peat 
soil. 
Treatments that employed peat soil as the substrate usually provided 
the largest number of eggs that hatched. Tables 4 and 5 illustrate these 
results. In Experiment 2, the treatments that employed peat soil as the 
substrate produced a total of 46 rootworm larvae versus a total of 10 
larvae obtained from a group of treatment replicates that utilized plaster 
of Paris as the substrate. Also in the factorial experiments in 1961, in 
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which all the containers contained a substrate of plaster of Paris, no 
hatch was recorded. The one exception in which a hatch of five percent or 
greater was obtained from treatments employing plaster of Paris substrates 
was the photoperiod treatments in Experiment 5. The results that were 
obtained from various treatments that employed the two substrates cannot 
be attributed to the substrates alone as other treatment effects may 
account for the success or lack of success in obtaining larvae from eggs 
under treatment. However if other treatment effects are taken into con­
sideration the peat soil substrate appears to be the most promising of the 
three types of substrates employed in this study. 
Six different temperatures, 0, 29, 40, 78, 80 and 85° F., were 
employed alone or in combination in egg hatching studies that were per­
formed in the absence of natural oviposition sites. The temperature of 
40° F. was employed in more treatments than any other single temperature 
or temperature combinations. Eggs that were held at this temperature for 
120 days in containers supplied with a peat soil substrate provided the 
first hatch of D. longicornis in the laboratory in an experiment performed 
in 1961. Experiment 5 in 1961 and Experiments 3 and 5 in 1962 employed 
the 40° F. temperature exclusively. Although larger quantities of eggs 
were utilized in these experiments the percent hatch was greater than 
other experiments in which other temperatures were employed alone or in 
combination as illustrated in Tables 3, 4, 5, 7 and 9. The importance of 
the 40° F. temperature in treatments that produced the largest quantity of 
rootworm larvae is difficult to delineate from other treatment effects. 
However, when compared to other treatments with similar effects and 
different temperatures, the results favor the temperature constant of 40° F., 
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but is not an absolute required factor to cause rootworm eggs to hatch. 
Various time periods were used in conjunction with other treatment 
factors in the experiments performed in an attempt to determine its 
overall effect upon hatching. Rootworm larvae and adults were obtained 
from egg treatment periods that were of a minimum duration of two weeks 
and up to and including the maximum of 52 weeks. The effect of time in 
the treatment phase of the experiments is somewhat analogous to the 40° F. 
temperature. Larger numbers of eggs were employed in 120 day treatment 
periods, which resulted in the largest percent hatch, but the time period 
was not critical from the standpoint of obtaining the only hatch from 
rootworm eggs under study. 
The application of chemicals to rootworm eggs after they were removed 
from their respective pretreatments varied in effectiveness as shown in 
Table 7. The most effective chemical, if considering the chemical alone 
as being responsible before eggs would hatch, was a 10 ^  solution of indole­
acetic acid, followed by toluene and ether. 
*3 «4 *5 —6 
Solutions of 10 ,10 , 10 and 10 of indoleacetic acid were used 
in individual treatments with different temperature exposures and with 
varying degrees of success. Since indoleacetic acid is considered as a 
hormone, it would seem probable that it operates as a carrier, coenzyme 
or prosthetic group in some enzyme system that initiates development in 
the egg, if considered the basic hatching stimulus. The theorized mode of 
action of toluene, xylol, hexane and ether that would cause the initiation 
of chemical processes that would eventually lead to hatching, may be the 
activation of fat digesting enzymes or the removal of a water impermeable 
material at a critical period. Peroxidase was the only enzyme employed in 
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egg hatching experiments. The chemical action attributed to this chemical 
is to catalyze the oxidation of phenolic compounds and closely related 
substances, using oxygen derived from hydrogen peroxide, converting the 
latter into water. 
Concentrations of 45 percent of sulfuric, hydrochloric and nitric 
acids were applied to the eggs after varying pretreatment periods. No 
hatch was obtained from any of these treatments. The hygroscopic 
properties of nitric and sulfuric acid was demonstrated by causing the 
rapid collapse of the eggs shortly after application. The color of the 
eggs would turn dark brcwn after the chemical treatment, but upon sub­
sequent addition of distilled water their normal color would be restored 
as was also a turgid condition. 
Hydrochloric acid plasmolyzed the eggs in similar fashion as the 
previous two acids; however, in the case of hydrochloric acid the eggs 
would not return to a turgid state upon the addition of water. 
Table 8 shows hatch rather than fecundity is most likely to be 
influenced by dates of adult beetle collection. Since large quantities of 
rootworm eggs are needed in this type of study, ways to circumvent periodic 
acquisition of adults is not presently known. 
Information which may lead to the solution of this observation may be 
found with a study on mating habits of D. longicorais. especially in 
regards to the importance of searching capacity and potency of the male 
beetles, and ratios of males to females during different seasonal periods. 
Although during adult collection periods more mating pairs were found in 
com fields in which the com had not matured beyond the dry silk stage 
than on blossoms of late blooming alfalfa, clover or thistle plants, more 
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research is required than what was accomplished in this study to establish 
if date of collecting adult rootworm beetles has a significant effect 
upon subsequent hatch in uniform egg treatments. 
The hatching results of D. longicornls eggs from treatments in which 
a 1:100 mercuric chloride was employed is shown in the 1962 Experiments 1 
and 6 respectively. It is evident that more rootworm larvae were obtained 
from eggs that did not receive a treatment of 1:100 mercuric chloride 
treatment. Aside from the apparent detrimental effect of the mercuric 
chloride solution on the rate of hatching, the fungus control was rela­
tively short lived, as was shown in egg containers that were in long treat­
ment periods. Further screening of chemicals and substrates would be 
profitable for developing a technique of keeping rootworm eggs and egg 
containers free of fungi, but without a toxic effect to the eggs during 
the experimental period. 
The results of experiments conducted to determine what effect adult 
photoperiods would have on hatch of D. longicornls eggs are summarized in 
Table 8. The highest total hatch was obtained from the 12-hour photo­
period, followed by the eight-hour treatment, and with the lowest hatch in 
the 16-hour photoperiod. It seems improbable that the photoperiods would 
influence the rate of hatch during the short period that the adults were 
held under such treatments, rather than other biological, ecological or 
phenological factors that were operative upon the insect prior to the time 
of photoperiod treatments in the laboratory. 
Considering the culminative effectiveness of the factors that were 
involved in various treatments, a 32 percent hatch was obtained from an 
eight week duration at 40° F., with constant temperature and a peat soil 
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substrate. This was the highest hatch obtained and is shown in Table 4. 
Experiments that provided the most constant results, uniform 
emergence over the shortest hatching duration, were the 120-day treatments 
that involved the constants of 40° F. and moisture, plus peat soil sub­
strates. Other treatments with a five percent or greater hatch were 
recorded in this study, in which the first emergence date may have con­
stituted the peak hatch obtained from the total experiment, or several 
fluctuations of a low hatch to a high hatch. In these instances the 
hatching seemed to be a prolonged affair, with erratic numbers of larvae 
obtained over an extended period. Another way to distinguish the latter 
experiments from the 120-day treatment periods would be to state that a 
hatching rhythm was lacking. 
In all the experiments performed in which a five percent or larger 
hatch was obtained, an average of 20.6 days was needed after the treatment 
period had elapsed until the first hatch was recorded. 
Shorter periods were observed but the total number of larvae obtained 
did not approach five percent, in many cases only one or two larvae were 
obtained from the entire egg treatment which consisted of a minimum of 
50 rootworm eggs. 
Rootworm larvae were obtained from constant temperature treatments of 
78° F. with no exposure to low temperatures such as would be encountered 
by eggs if laid in the soils of the corn belt region. If these results 
were the rule, more than one generation of this insect would be expected 
in the warmer regions where this insect feeds on corn. This observation 
brings up the possibility that diapausing and non-diapausing eggs may be 
laid by D. longicornls as exemplified in the eggs of M. differentialis. 
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The hatching results obtained in this study indicate that a fairly 
uniform hatch of D. longicornls eggs are obtained from 120-day treatments 
of constant moisture and 40° F. temperature, but in treatments in which 
shorter periods were observed before the first hatch was recorded, a 
lower, more erratic hatch was noted. As is apparent, a lack or excess of 
hatching factors have not been isolated in sufficient clarity to provide 
a simple technique in obtaining rootworm larvae with predictable hatching 
rates at specified times. 
In view of the results obtained from various treatments in which a 
hatch of five percent or greater was recorded, the question of whether 
diapause was broken in eggs of D. longicornls by a specific factor cannot 
be answered. 
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SUMMARY OF RESULTS 
Large numbers of rootworm eggs were obtained from field collected 
D. longicornls adults held under laboratory conditions. 
Round plastic boxes with a peat soil substrate required less moisture 
over extended treatment periods than did square hinged lid plastic boxes 
with a similar substrate or % ounce salve tins with plaster of Paris as 
the substrate. The growth of fungus was heaviest in egg containers that 
employed peat soil substrates. 
The fungicide treatment of a 1:100 solution of mercuric chloride did 
not control fungal growth throughout long egg treatments. The predominant 
fungi growing in the egg containers were of the following genera: 
Oedocephalum, Cephlosporium, Alternaria, Fusarium and Aspergillus. 
Hatching experiments that employed a fungus control treatment of a 
1:100 solution of mercuric chloride yielded a lower hatch than treatments 
with no fungicide treatments. 
No rootworm hatch was obtained from a factorial experiment which 
involved factors of moisture, temperature, time and utilizing plaster of 
Paris in salve tins in 1961. 
More northern rootworm larvae were found in soil planted to corn from 
eggs buried at six and eight inches below the soil surface than those eggs 
buried at two and four inches below the soil surface. 
Greater numbers of rootworm larvae were found in infested soil, 
planted to corn, from around corn root systems than smartweed root systems, 
or from soil void of vegetation. 
Greater hatch of D. longicornls was obtained in all experiments which 
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utilized a peat soil substrate, with the exception of a plaster of Paris 
substrate employed in three treatments in the adult photoperiod experiment. 
Continuous moisture appears to be one of the critical factors required 
for northern corn rootworm eggs to hatch. 
Eggs exposed to treatments of a 120-day duration at a constant 
temperature of 40° F., constant moisture and a peat soil substrate yielded 
higher and more uniform hatches of northern com rootworm eggs than other 
combinations of temperature, moisture, substrates and time. 
Ether, hexane, toluene, peroxidase and indoleacetic acid 10 ^  yielded 
the largest overall hatch of rootworm eggs at the temperature exposures 
employed in this study. No hatch was obtained from eggs treated with 
45 percent concentrations of sulfuric, hydrochloric or nitric acids. 
Rootworm eggs obtained from adult beetles exposed to 12-hour photo­
periods consistently yielded a higher hatch than eggs from the eight- and 
16-hour photoperiods. 
Exposure periods at temperatures below freezing is not required before 
eggs of D. longicomis will hatch. The hatching percentage of eggs 
exposed to temperatures above or below 40° F. were consistantly lower 
than hatches from treatments that employed a constant temperature of 40° F. 
throughout the treatment period. A more uniform hatching rate was ob­
tained from eggs exposed to constant temperature of 40° F. 
Hatch rather than fecundity is most likely to be influenced by date 
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Table 1. Treatment of 125 rootworm eggs per lot in a quasi-factorial 
experiment with two levels of moisture and time with three 
levels of temperature. Eggs collected in 1961 and placed on 
plaster of Paris in salve tins 
Moisture 
Days in temperature treatments Total 
days 
Egg 
hatch 40° F. 29° F 0° F. 29° F. 40° F. 
30 30 30 30 30 150 0 
-b 30 30 30 30 7 127 0 
- 30 30 30 7 30 127 0 
+ 30 30 30 7 7 104 0 
- 30 30 7 30 30 127 0 
+ 30 30 7 30 7 104 0 
+ 30 30 30 7 7 104 0 
- 30 7 30 30 30 127 0 
+ 30 7 30 30 7 104 0 
+ 30 7 30 7 30 104 0 
+ 30 7 7 30 30 104 0 
- 7 30 30 30 30 127 0 
+ 7 30 30 30 7 104 0 
+ 7 30 30 7 30 104 0 
+ 7 30 7 30 30 104 0 
+ 7 7 30 30 30 104 0 
- 30 30 7 7 7 81 0 
- 30 7 30 7 7 81 0 
- 30 7 7 30 7 81 0 
- 30 7 7 7 30 81 0 
+ 30 7 7 7 7 58 0 
- 7 30 30 7 7 81 0 
- 7 30 7 30 7 81 0 
- 7 30 7 7 30 81 0 
+ 7 30 7 7 7 58 0 
- 7 7 30 30 7 81 0 
- 7 7 30 7 30 81 0 
+ 7 7 30 7 7 58 0 
- 7 7 7 30 30 81 0 
+ 7 7 7 30 7 58 0 
+ 7 7 7 7 30 58 0 
a+ = moisture (in the form of distilled water) added periodically 
during the experimental period. 
k- = no moisture added during experimental period. 
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Table 2. Hatch of D. longicornis in treatment lots of 50 eggs placed in 
soil planted to corn on November 22, 1961, from three substrates 
and a constant temperature of 40° F. during treatment 
Treatment 




70 days Plaster of Paris Feb. 26 2 
+ Il II n h n March 3 1 
_b Il II h it h Feb. 26 0 
-
Il II h n h March 3 0 
+ 64 days Peat soil Feb. 26 3 
+ H H m H March 3 4 
-
H H H H Feb. 26 0 
-
it it H H March 3 1 
+ 57 days Germination pads Feb. 26 0 
+ h it Il II March 3 0 
-
n 11 II Feb. 26 0 
-
il il 11 II March 3 0 
a+ = moisture (in the form of distilled water) added periodically 
during the experimental period. 
= no moisture added during experimental period. 
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Table 3. Hatch of D. longicornis from treatment lots of 50 eggs buried 
October 26 outside at four soil levels with a 14-day pretreat­
ment temperature of 40° F. 
Dates of soil Inspection 
Pretreatment Depth of eggs infestation dates 
moisture (inches) (1961-1962) 1961-1962 Larvae 
+a 2 Nov. 1 Nov. 30 0 
+ 2 Feb. 1 March 1 0 
+ 4 Dec. 1 Dec. 31 0 
+ 4 March 1 March 31 0 
+ 6 Nov. 1 Nov. 30 0 
+ 6 Feb. 1 March 2 2 
+ 8 Dec. 1 Dec. 31 0 
+ 8 March 1 March 31 9 
_b 
2 March 1 March 31 0 
- 2 Dec. 1 Dec. 31 1 
- 4 Nov. 1 Nov. 30 0 
- 4 Feb. 1 March 2 0 
- 6 Dec. 1 Dec. 31 15 
- 6 March 1 March 31 0 
- 8 Nov. 1 Nov. 30 0 
- 8 Feb. 1 March 2 0 
a+ = moisture (in the form of distilled water) added periodically 
during the experimental period. 
k- = no moisture added during experimental period. 
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Table 4. Larvae of D. longicorais from soil samples in a severely 
lodged corn field stored at three temperatures prior to planting 
of corn 
Planting date 
Temperature of com Inspection 
Collection site (Fahrenheit) 1961-1962 date Larvae 
Com roots Outside Nov. 29 March 2 50 
H II 11 Nov. 29 March 2 27 
11 II 40° Dec. 29 March 9 101 
Il II 40° Dec. 29 March 9 96 
Il II 33° Feb. 3 April 18 1 
Il II 33° Feb. 3 April 18 5 
Ssartweed roots Outside Nov. 29 March 2 3 
H H II Nov. 29 March 2 0 
» H 40° Dec. 29 March 9 4 
H H 40° Dec. 29 March 9 13 
H H 33° Feb. 3 April 18 14 
H H 33° Feb. 3 April 18 4 
Barren soil Outside Nov. 29 Màrch 2 0 
ii ii 40° Dec. 29 March 9 0 
ii ii 33° Feb. 3 April 18 1 
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Table 5. Hatch of D. longicorais from pre treatment lots of 50 eggs with 
moisture as a constant and substrates of peat soil or plaster 
of Paris (1962) 
Fungicide Temperature Time Hatch from substrates 
treatment Fahrenheit (weeks) Plaster of Paris Peat soil 
a 
78 Lab0 0 1 
- 40 8 0 16 
- 40 11 0 12 
- 40 15 9 7 
- 40 20 1 3 
- Outside 8 0 0 
- Outside 20 0 0 
- 29 8 0 0 
- 29 20 0 0 
- 0 8 0 0 
- 0 20 0 1 
+b 78 Lab 0 4 
+ 40 8 0 0 
+ 40 11 0 0 
+ 40 15 0 0 
+ 40 20 0 0 
+ Outside 8 0 0 
+ Outside 20 0 0 
+ 29 8 0 0 
+ 29 20 0 0 
+ 0 8 0 2 
+ 0 20 0 0 
*No fungicide treatment. 
F^ungicide treatment (1:100 mercuric chloride solution). 
(J 
Rootworm eggs kept in the laboratory during the entire experiment. 
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Table 6. Hatch of D. longlcornis from treatment lots of 50 eggs with a 
treatment temperature constant of 40° F. and a peat soil 
substrate (1962) 
Moisture Time Larvae 
(weeks) 
+a 8 2 
+ 11 6 
+ 15 2 
+ 20 2 
-




+ 8 7 
+ 11 11 
+ 15 1 
+ 20 2 
a+ • moisture (in the form of distilled water) added periodically 
during the experimental period. 
k- - no moisture added during experimental period. 
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Table 7. Batch of D. longicornis from treatment lots of 50 eggs with 
various chemical treatments, peat soil substrate and constant 
moisture treatment (1962) 
Temperature Pretreatment 






Indoleacetic acid 10 ^  
78 Lab. 7 
40 14 2 
40 56 7 
40 84 5 
85 14. 1 
40 88 9 
78 Lab. 8 
40 14 0 
40 56 1 
40 84 6 
85 14 0 
40 88 9 
78 Lab. 2 
40 14 0 
40 56 3 
40 84 3 
85 14 1 
78 Lab. 0 
40 14 0 
40 56 8 
40 84 0 
85 14 2 
78 Lab. 0 
40 14 10 
40 56 4 
40 84 3 
85 14 0 
40 88 7 
78 Lab. 3 
40 14 3 
40 56 2 
40 84 2 
85 14 0 
T^reatment applied once when eggs were placed at room temperature, 
kIndicates 100 rootworm eggs. 
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Table 7 (Continued) 
Temperature Pretreatment 
Chemical Fahrenheit time (days) Larvae 
•4 
Indoleacetlc acid 10 
Indoleacetlc acid 10 ^  
Indoleacetlc acid 10 * 
Sulfuric acid 45% 
Hydrochloric acid 45% 
Nitric acid 45% 
Ether 
Check 
78 Lab. 0 
40 14 2 
40 56 8 
40 84 1 
85 14 0 
78 Lab. 4 
40 14 1 
40 56 6 
40 84 12 
85 14 0 
78 Lab. 0 
40 14 0 
40 56 5 
40 84 1 
85 14 0 
40 88 11 
78 Lab. 0 
40 14 0 
40 56 0 
40 84 0 
85 14 0 
78 Lab. 0 
40 14 0 
40 56 0 
40 84 0 
85 14 0 
78 Lab. 0 
40 14 0 
40 56 0 
40 84 0 
85 14 0 
78 Lab. 6 
40 14 0 
40 56 6 
40 84 14 
85 14 0 
40 88 15 
40 88 25 
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Table 8. Hatch of D. longicorais from eggs laid by adult beetles held 
at three photoperiods with pretreatreent constants of 40° F. 
and moisture 
Photoperiod 
(hours) Egg totals Substrate 
Tine 
(days) Larvae 
8 400® Peat soil 120 53 
12 400* Il II 120 54 
16 400* Il II 120 26 
8 100b Il II 60 7 
12 100b II 11 60 9 
16 100b Il II 60 3 
8 400° 11 II 120 63 
12 400c 11 11 120 91 
16 400c 11 II 120 47 
8 150° Plaster of Paris 120 27 
12 150c ii » n 120 32 
16 150° H H n 120 30 
*Eggs collected August 14, 1962. 
bEggs collected September 4, 1962. 
CEggs collected September 13, 1962. 
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Table 9. Hatch of D. longlcornls from 50 and 100 egg lots with constant 
moisture at different durations of five temperatures 
Temperatures (Fahrenheit) Fungal 
and treatment 
time (days) (1:100 HgCl) Larvae 
80° F. 40° F. 
14 days 14 days a 3 
14 28 - 0 
14 56 - 9 
14 84 - 0 
14 14 +b 0 
14 28 + 0 
14 56 + 0 
14 84 + 0 
28 14 - 2 
28 28 - 1 
28 56 - 0 
28 84 - 0 
28 14 + 0 
28 28 + 0 
28 56 + 0 
28 84 + 0 
29° F. 40° F. 
21 days 14 days - 1 
21 14 - 1 
21 14 - 0 
21 28 - 0 
21 28 - 0 
21 28 - 0 
21 56 - 5 
21 56 - 0 
21 56 - 2 
3 
= no fungicide treatment. 
b 
= fungicide treatment 1:100 HgCl. 
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Table 9 (Continued) 
Temperatures (Fahrenheit) Fungal 
and treatment 
time (days) (1:100 HgCl) Larvae 
0° F. 40° F. 
21 days 14 days - I 
21 14 - 0 
21 14 - 0 
21 28 - 0 
21 28 0 
21 28 - 0 
21 56 - 0 
21 56 - 0 
78f 2° F.C 
Continuous 5 
c7fl£ 2° F. only treatment with 100 eggs. 
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Table 10. Records of treatment durations, duration of hatch per day 
from treatments with a five percent or grca&ar hatch 
Exper- Number Date Date Hatch- Number 
iment eggs eggs were treatment ing of eggs 





Constant moisture, 200 Sept. 6 Jan. 23 Feb. 10 7 
peat soil substrate. Feb. 13 4 
40° F. for 120 days Feb. 14 6 
Feb. 15 2 
Feb. 17 3 
Feb. 19 2 
Feb. 21 1 
Feb. 20 1 
Constant moisture, 50 July 30 Sept . 23 Oct. 20 2 
peat soil substrate, "ov. 2 3 
40° F. for 8 weeks Nov. 6 2 
Nov. 9 1 
Nov. 16 2 
9W. 20 1 
Nov. 24 3 
Nov. 26 1 
Jan. 21 1 
Constant moisture, 50 July 30 Oct. 14 Oct. 31 1 
peat soil substrate, Nov. 1 2 
40° F. for 11 weeks Nov. 3 2 
Nov. 5 3 
Nov. 6 1 
Nov. 9 3 
Constant moisture, 50 July 30 Nov. 12 Dec. 5 3 
plaster of Paris Dec. 7 2 
substrate, 40° F. for Dec. 10 3 
15 weeks Dec. 13 1 
Constant moisture, 50 July 30 Nov. 12 Dec. 7 4 
peat soil substrate, Dec. 10 2 
40° F. for 15 weeks Dec. 12 1 
Constant moisture, 50 July 30 Dec. 17 Jan. 18 1 
peat soil substrate, Ja a. 19 2 
40° F. for 20 weeks 
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Table 10 (Continued) 
Exper- Number Date Date Hatch- Number 
iment eggs eggs were treatment Ing of eggs 
number Treatments used used collected ended date hatched 
Constant moisture, 
peat soil substrate 
78° F. continuous 
fungicide treatment 
of 1:100 mercuric 
chloride 
Constant moisture, 
peat soil substrate, 
40° P. for 11 weeks 
Constant moisture, 
peat soil substrate, 
40° F. for 8 weeks 
Constant moisture, 
peat soil substrate, 
40° F. for 11 weeks 
50 July 30 
50 July 28 Oct. 12 
50 July 28 
50 July 28 Oct. 12 
Constant moisture, 500 
peat soil substrate, 
40° F. for 120 days 
July 31 Nov. 30 
Sept . 18 2 
Sept . 28 1 
Oct. 2 1 
Nov. 5 1 
Nov. 10 3 
Nov. 24 1 
Nov. 26 1 
Oct. 20 2 
Oct. 25 1 
Oct. 30 2 
Nov. 3 1 
Nov. 6 1 
Nov. 2 2 
Nov. 3 2 
Nov. 5 1 
Nov. 12 1 
Nov. 16 1 
Nov. 17 4 
Dec. 12 1 
Dec. 14 9 
Dec. 15 7 
Dec. 17 10 
Dec. 19 6 
Dec. 21 7 
Dec. 22 3 
Dec. 24 6 
Dec. 26 5 
Dec. 27 2 
Dec. 29 1 
Jan. 4 3 
Jan. 7 1 
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Table 10 (Continued) 
Exper- Number Date Date Hatch- Number 
iment eggs eggs were treatment ing of eggs 
number Treatments used used collected ended date hatched 
3 Constant moisture, 300 Aug. 2 Dec. 20 Dec. 19 2 
peat soil substrate, Dec. 21 4 
40° F. for 120 days Jan. 7 1 
Jan. 9 4 
Jan. 11 5 
Jan. 16 2 
Jan. 21 1 
Jan. 23 2 
Feb. 11 1 
4 Constant moisture, 100 July 31 Oct. 21 Nov. 17 2 
peat soil substrate, Nov. 20 5 
40° F. for 88 days, Nov. 23 1 
toluene applied at Nov. 28 1 
end of treatment 
4 Constant moisture, 100 July 31 Oct. 21 Nov. 17 2 
peat soil substrate, Nov. 20 1 
40° F. for 88 days, Nov. 24 3 
hexane applied at Nov. 30 2 
end of treatment Dec. 14 1 
4 Constant moisture, 100 July 31 Oct. 21 Nov. 17 9 
peat soil substrate, Nov. 23 1 
40° F. for 88 days, Nov. 26 1 
ether applied at end Nov. 30 2 
of treatment Dec. 1 1 
Dec. 5 1 
4 Constant moisture, 100 July 31 Oct. 21 Nov. 14 6 
peat soil substrate, Nov. 17 1 
40° F. for 88 days, 
peroxidase applied 
at end of treatment 
4 Constant moisture, 100 July 31 Oct. 21 Nov. 12 1 
peat soil substrate, Nov. 14 6 
40° F. for 88 days, Nov. 17 1 
indole acetic acid 10" -6 Nov. 23 2 
applied at end of Oct. 6 1 
treatment 
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Table 10 (Continued) 
Exper- Number Date Bate Hatch- Number 
iment eggs eggs were treatment ing of eggs 
number Treatments used used collected ended date hatched 
4 Constant moisture, 100 July 31 Oct. 21 Nov. 17 13 
peat soil substrate, Nov. 20 3 
40° F. for 88 days, Nov. 23 2 
check (for chemical Nov. 24 1 
treatments) Nov. 26 3 
Nov. 28 1 
Nov. 30 1 
Dec. 29 1 
4 Constant moisture, 50 Aug. 3 Oct. 25 1 
peat soil substrate, Nov. 1 6 
78° F. continuous, 
toluene applied after 
egg collection 
4 Constant moisture, 50 Aug. 3 Sept 28 Oct. 23 1 
peat soil substrate, Oct. 27 6 
40° F. for 8 weeks, 
toluene applied at 
end of treatment 
4 Constant moisture, 50 Aug. 6 Oct. 29 Nov. 20 2 
peat soil substrate, Nov. 22 2 
40° F. for 12 weeks, Nov. 29 1 
toluene applied at 
end of treatment 
4 Constant moisture, 50 July 31 Oct. 25 2 
peat soil substrate, Nov. 1 3 
78° F. continuous, Nov. 24 1 
hexane applied after Dec. 16 1 
egg collection Dec. 19 1 
4 Constant moisture, 50 Aug. 6 Oct. 29 Nov. 23 1 
peat soil substrate, Nov. 27 1 
40° F. for 12 weeks, Dec. 20 1 
hexane applied at Jan. 1 
end of treatment Jan. 10 1 
4 Constant moisture, 50 Aug. 1 Sept. 26 Oct. 18 1 
peat soil substrate, Oct. 23 2 
40° F. for 8 weeks, 
chloroform applied at 
end of treatment 
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Table 10 (Continued) 
Exper­ Number Date Date Hatch­ Number 
iment eggs eggs were treatment ing of eggs 
number Treatments used used collected ended date hatched 
4 Constant moisture, 50 Aug. 6 Oct. 29 Nov. 23 1 
peat soil substrate, Nov. 26 1 
40° F. for 12 weeks, Nov. 27 1 
chloroform applied at 
end of treatment 
4 Constant moisture, 50 Aug. 3 Sept. 28 Oct. 20 4 
peat soil substrate, Oct. 23 1 
40° F. for 8 weeks, Oct. 27 1 
xylol applied at Nov. 29 1 
end of treatment Nov. 1 1 
4 Constant moisture, 50 Aug. 3 Aug. 17 Nov. 12 4 
peat soil substrate, Nov. 16 1 
40° F. for 2 weeks, Nov. 17 1 
peroxidase applied at Nov. 24 1 
end of treatment Dec. 19 3 
4 Constant moisture, 50 Aug. 3 Sept. 28 Oct. 23 3 
peat soil substrate, Oct. 26 1 
40° F. for 8 weeks, 
peroxidase applied 
at end of treatment 
4 Constant moisture, 50 Aug. 3 Oct. 26 Nov. 19 1 
peat soil substrate, Nov. 22 1 
40° F. for 12 weeks, Nov. 29 1 
peroxidase applied at 
end of treatment 
4 Constant moisture, 50 Aug. 13 - Oct. 26 1 
peat soil substrate, Oct. 30 1 
78° F. continuous, Dec. 5 1 
indol acetic acid 10" 3 
applied after egg 
collection 
4 Constant moisture, 50 Aug. 13 Aug. 27 Oct. 3 1 
peat soil substrate, Oct. 11 1 
40° F. for 2 weeks, Oct. 15 1 
applied at end of 
treatment 
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Table 10 (Continued) 
Exper- Number 
iment eggs 
number Treatments used used 
Date Date Hatch- Number 
eggs were treatment ing of eggs 
collected ended date hatched 
Constant moisture, 50 Aug. 13 Oct. 8 Oct. 27 2 
pest soil substrate, Oct. 31 2 
40° F. for 8 weeks, Nov. 1 1 
indoleacetlc acid 10 Nov. 3 1 
applied at end of Nov. 6 1 
treatment Nov. 17 1 
Constant moisture, 50 Aug. 13 - Sept. 26 2 
peat soil substrate, Nov. 3 1 
78° F. continuous, Nov. 16 1 
indoleacetlc acid 10 
applied after egg 
collection 
Constant moisture, 50 Aug. 13 Oct. 8 Nov. 9 2 
peat soil substrate, Nov. 26 1 
40° F. for 8 weeks, Nov. 27 3 
indoleacetlc acid 10 
applied at end of 
treatment 
Constant moisture, 50 Aug. 13 Nov. 5 Jan. 21 4 
peat soil substrate, Jan. 25 1 
40° F. for 12 weeks, Jan. 30 1 
indoleacetlc acid 10 Feb. 1 2 
applied at end of Feb. 6 3 
treatment Feb. 11 1 
Constant moisture, 50 Aug. 3 Sept. 28 Oct. 20 1 
peat soil substrate, Oct. 23 1 
40° F. for 8 weeks, Oct. 30 2 
indoleacetlc acid 10 Nov. 1 1 
applied at end of 
treatment: 
Constant moisture, 50 Aug. 1 - Sept. 26 2 
peat soil substrate, Nov. 24 1 
78° F. continuous, Nov. 27 2 
ether applied after Dec. 4 1 
egg collection 
Constant moisture, 50 Aug. 3 Sept. 28 Oct. 29 1 
peat soil substrate, Oct. 30 2 
40° F. for 8 weeks, Nov. 1 1 
ether applied at end Nov. 10 2 
of treatment 
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Table 10 (Continued) 
Exper- Number 
iment eggs 
number Treatments used used 
Date Date Hatch- Number 
eggs were treatment ing of eggs 
collected ended date hatched 
Constant moisture, 50 Aug. 6 Oct. 29 
peat soil substrate, 
40° F. for 12 weeks, 
ether applied at 
end of treatment 
Constant moisture, 400 Aug. 14 Dec. 11 
peat soil substrate, 
40° F. for 120 days, 
8 hr. adult photoperiod 
Constant moisture, 400 Aug. 14 Dec. 11 
peat soil oubstrate, 
40° F. for 120 days, 
12 hr. adult photoperiod 
Nov. 17 4 
Nov. 23 3 
Nov. 24 3 
Nov. 26 2 
Nov. 30 1 
Dec. 3 1 
Dec. 24 1 
Dec. 27 7 
Dec. 29 9 
Dec. 31 2 
Jan. 2 15 
Jan. 3 7 
Jan. 4 4 
Jan. 5 1 
Jan. 9 1 
Jan. 11 1 
Jan. 16 4 
Jan. 18 1 
Dec. 27 1 
Dec. 29 1 
Dec. 31 2 
Jan. 2 7 
Jan. 3 1 
Jan. 4 4 
Jan. 5 5 
Jan. 9 9 
Jan. 11 3 
Jan. 14 1 
Jan. 21 3 
Jan. 23 1 
Jan. 25 2 
Jan. 28 2 
Feb. 1 1 
Feb. 11 11 
Table 10 (Continued) 
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Exper- Number Date Date Hatch- Number 
iment eggs eggs were treatment ing of eggs 
number Treatments used used collected ended date hatched 
Constant moisture, 400 Aug. 14 Dec. 11 Dec. 31 2 
peat soil substrate, Jan. 2 2 
40° F. for 120 days, Jan. 4 4 
16 hr. adult photo­ Jan. 5 5 
period Jan. 9 2 
Jan. 11 2 
Jan. 14 4 
Jan. 16 1 
Jan. 18 1 
Jan. 23 3 
Constant moisture, 400 Sept. 13 Jan. 13 Feb. 1 3 
peat soil substrate, Feb. 4 11 
40° F. for 120 days, Feb. 6 4 
8 hr. adult photo­ Feb. 8 7 
period Feb. 11 14 
Feb. 13 17 
Feb. 15 3 
Feb. 18 4 
Constant moisture, 400 Sept. 13 Jan. 13 Jan. 30 2 
peat soil substrate, Feb. 1 5 
40° F. for 120 days, Feb. 4 15 
12 hr. adult photo­ Feb. 6 12 
period Feb. 8 11 
Feb. 11 13 
Feb. 13 15 
Feb. 15 6 
Feb. 18 10 
Feb. 21 2 
Constant moisture, 400 Sept. 13 Jan. 13 Jan. 30 3 
peat soil substrate, Feb. 1 8 
40° F. for 120 days, Feb. 4 7 
16 hr. adult photo­ Feb. 6 2 
period Feb. 8 1 
Feb. 11 1 
Feb. 13 14 
Feb. 15 5 
Feb. 18 6 
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Table 10 (Continued) 
Exper- Number Date Date Hatch- Number 
iment eggs eggs were treatment ing of eggs 
number Treatments used used collected ended date hatched 
Constant moisture, 100 Sept. 4 Nov. 2 Nov. 26 1 
peat soil substrate, Nov. 27 2 
40° F. for 60 days, Nov. 28 1 
8 hr. adult photo­ Dec. 1 1 
period Dec. 5 1 
Dec. 10 1 
Constant moisture, 100 Sept. 4 Nov. 2 Nov. 17 4 
peat soil substrate, Nov. 20 1 
40° F. for 60 days, Nov. 23 1 
12 hr. adult photo­ Nov. 24 1 
period Nov. 26 1 
Nov. 28 1 
Constant moisture, 150 Sept. 13 Jan. 13 Feb. 4 3 
plaster of Paris Feb. 11 2 
substrate, 40° F. for Feb. 13 4 
120 days, 8 hr. adult Feb. 15 8 
photoperiod Feb. 18 9 
Feb. 20 1 
Constant moisture, 150 Sept. 13 Jan. 13 Feb. 6 3 
plaster of Paris Feb. 8 4 
substrate, 40° F. for Feb. 11 2 
120 days, 12 hr. adult Feb. 13 2 
photoperiod Feb. 15 9 
Feb. 18 8 
Feb. 20 2 
Feb. 22 2 
Constant moisture, 150 Sept. 13 Jan. 13 Feb. 4 4 
plaster of Paris Feb. 11 4 
substrate, 40° F. for Feb. 13 3 
120 days, 16 hr. adult Feb. 16 10 
photoperiod Feb. 18 6 
Feb. 20 3 
Constant moisture, 50 Aug. 8 Oct. 15 Nov. 6 1 
peat soil substrate, Nov. 16 2 
80° F. for 2 weeks, Nov. 17 2 
plus 40° F. for 8 weeks Nov. 20 3 
Nov. 28 1 
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Table 10 (Continued) 
Exper- Number Date Date Hatch- Number 
iment eggs eggs were treatment ing of eggs 
number Treatments used used collected ended date hatched 
Constant moisture, 50 Aug. 23 Nov. 8 Nov. 29 2 
peat soil substrate, Dec. 1 2 
29° F. for 3 weeks, Dec. 27 1 
plus 40° F. for 8 weeks 
Constant moisture, 100 Oct. 9 Oct. 30 1 
peat soil substrate, Nov. 2 2 
78° F. continuous Nov. 6 1 
Nov. 21 1 
